Objective: Previous studies regarding cigarette smoking causing a lower risk of melanoma are inconclusive. Here, we re-examined melanoma risk in relation to cigarette smoking in a large, case-control study. Methods: In total 1,157 patients with melanoma diagnosed between 2003 and 2011 in the Netherlands and 5,595 controls from the Nijmegen Biomedical Study were included. Information concerning smoking habits and known risk factors for melanoma were obtained through self-administered questionnaires. Logistic regression analyses stratified by gender were performed to study the risk of cigarette smoking on melanoma risk, adjusted for age, marital status, highest level of education, skin type, sun vacation, use of solarium, time spent outdoors, and sun protective measures. Results: Among men, current and former smokers did not have a higher risk of melanoma compared to never smokers: adjusted odds ratio (OR) = 0.56 (95% confidence interval [CI]: 0.40-0.79) and adjusted OR = 0.50 (95% CI: 0.39-0.64), respectively. With an increasing number of years smoked the risk of melanoma decreased: < 20 years: OR = 0.61 (95% CI: 0.46-0.80); 21-40 years: OR = 0.50 (95% CI: 0.37-0.68); > 40 years: OR = 0.26 (95% CI: 0.15-0.44). No clear trend was found for the number of cigarettes smoked. Results for females were less clear and not statistically significant (current smoker: adjusted OR = 0.96, 95% CI: 0.74-1.26, former smoker: adjusted OR = 0.89, 95% CI: 0.73-1.08). Conclusion: This study shows a strong inverse association between cigarette smoking and melanoma risk in men. Fundamental laboratory research is necessary to investigate the biological relation between smoking cigarettes and melanoma.
Introduction
Cutaneous melanoma has been the most rapidly increasing malignancy over the last 50 years, particularly in countries with a predominantly fair-skinned population [1] . At the same time, the survival rate has greatly improved. This is mainly due to the early detection of melanoma [2] [3] [4] . The most important known risk factors for the development of melanoma are genetic predisposition, Sondermeijer/Lamboo/de Waal/ Galesloot/Kiemeney/van Rossum/Aben Dermatology 2 DOI: 10.1159/000502129 skin type, and intermittent exposure to UV radiation [5, 6] .
Tobacco smoke is a known risk factor for several types of cancers [7] . Cigarette smoking is also known to come with an increased risk of premature skin aging, psoriasis, poor wound healing, and squamous cell carcinoma [8] . Previous studies have explored the effect of smoking on the risk of cutaneous melanoma, but evidence is inconsistent [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Seven of these studies, which are mainly prospective cohort studies, reported an inverse relationship between current smoking and melanoma [9, 11-13, 15, 17, 19] . It is suggested that the nicotine in cigarette smoke protects the skin from the inflammatory reaction induced by UV radiation and therefore reduces melanoma risk [25, 26] . Also, a different lifestyle of smokers versus nonsmokers might be associated with a reduced melanoma risk in cigarette smokers, as smokers are suggested to spend more time indoors [27] .
The other nine studies did not find a significant association between cigarette smoking and melanoma [10, 14, 16, 18, [20] [21] [22] [23] [24] 28] . Possible explanations for these results are the small sample size in several of these studies and residual confounding.
In the current study we investigated the association between cigarette smoking and primary melanoma risk in a large case-control study in the Netherlands.
Materials and Methods
For further details, see the online supplementary material (see www.karger.com/doi/10.1159/000502129 for all online suppl. material) [29] (Fig. 1 ).
Results
The patient and lifestyle characteristics of patients and controls are presented in Table 1 for males and Table 2 for females, based on observed data as well as imputed data. Male and female patients were slightly older than controls, were more often living together with a partner, had a lower level of education, had more often a skin type I or II, more frequent sunburns, and more usage of solarium and sun protective measures. Therefore, the multivariable analyses were adjusted for age, marital status, Table 3 . Both current and former male smokers did not have a higher risk of melanoma compared to never smokers. Current smokers had an adjusted OR of 0.56 (95% CI: 0.40-0.79) and former smokers had an adjusted OR of 0.50 (95% CI: 0.39-0.64). In addition, with an increasing number of years smoked the risk of melanoma decreased: < 20 years: OR = 0.61 (95% CI: 0.46-0.80); 21-40 years: OR = 0.50 (95% CI: 0.37-0.68); > 40 years: OR = 0.26 (95% CI: 0.15-0.44). No clear trend was found for the number Data are presented as n (%) or mean ± SD unless otherwise indicated. 1 The imputed data were used for analyses. 2 Data of patients and controls who smoke or had smoked and did not specify their smoking behavior in duration of smoking or number of cigarettes per day were not imputed. of cigarettes smoked. All results in females were less clear. Current smokers had an adjusted OR of 0.96 (95% CI: 0.74-1.26) compared to never smokers, whereas former smokers had an adjusted OR of 0.89 (95% CI: 0.73-1.08).
Discussion
The aim of this study was to investigate the association between cigarette smoking and risk of developing a primary melanoma. From the results it can be concluded that cigarette smoking does not increase the risk of melanoma. Among males, cigarette smoking might even decrease the risk of melanoma. In addition, the melanoma risk appeared to decrease with a longer duration of cigarette smoking. No clear trend was found with increasing number of cigarettes smoked per day. In females, the results of all analyses were less clear and not statistically significant.
These results for both males and females are largely in accordance with several previous studies [9, 11-13, 15, 17] . However, none of the previous studies found an inverse association between cigarette smoking and melanoma risk as strong as that observed among males in our study. Also, studies have been published without an inverse association between cigarette smoking and risk of melanoma [10, 14, 16, 18, 22, 28] . Possible explanations for these conflicting observations might be a smaller number of subjects, another time frame with different smoking behavior, and the lack of melanoma-associated confounders (number of nevi, number of atypical nevi, and genetic predisposition). Also, possibly fewer studies Data are presented as n (%) or mean ± SD unless otherwise indicated. 1 The imputed data were used for analyses. 2 Data of patients and controls who smoke or had smoked and did not specify their smoking behavior in duration of smoking or number of cigarettes per day were not imputed. with an inverse association between cigarette smoking and melanoma are published because of ethical issues regarding the possible harmful effect on health care. Several possible explanations for the observed inverse relation between cigarette smoking and the risk of melanoma have been suggested. A low socioeconomic status is linked to higher smoking prevalence [30] and people of lower socioeconomic status have less exposure to specific lifestyle factors associated with melanoma risk, such as recreational UV exposure and tanning, which may decrease melanoma incidence [31] . Also, smokers presumably spend more time indoors and therefore have less UV exposure [27] . In addition, because of an overall healthier lifestyle it is likely that never smokers have more medical surveillance and earlier detection of disease compared with smokers. Therefore, smokers might have fewer full body skin examinations by a physician compared to never smokers, which results in a delayed detection of melanoma. In our study, we adjusted all risk estimates for the level of education as approximation for socioeconomic status and for the time people spend outdoors. However, we cannot fully exclude the possible effect of other factors associated with cigarette smoking (residual confounding).
It is hypothesized that smoking may protect melanocytes from the inflammatory reaction induced by long-term UV radiation [25, 26] . This effect of smoking may be partially caused by the long-term effect of nicotine. Cigarette smoke contains many reactive oxygen species, but also UV irradiation causes the production of reactive oxygen species, which are responsible for induction of proinflammatory cytokines. The anti-inflammatory effects of nicotine are mediated by α7 nicotinic acetylcholine receptors, which are also located on cells of the immune system, like macrophages [32] . They inhibit the release of proinflammatory cytokines (TNFα, IL-6, and IL-8) via the cholinergic anti-inflammatory pathway and promote the release of anti-inflammatory cytokines.
In addition, nicotine causes vasoconstriction of peripheral blood vessels including those of the skin, possibly by reduced prostacyclin production [33, 34] , which affects the inflammatory response in the skin.
Recently, it has been discovered that genetic predisposition exists for smoking behavior [35, 36] . In a subsequent study an inverse association between smoking behavior-related genetic variants in the chromosome 15q25.1 region and risk of melanoma, especially in males, was observed [37] . This suggests that smoking behaviorrelated single nucleotide polymorphisms play a role in melanoma development and might indicate that smoking is indeed causally related to melanoma risk.
The inverse association between cigarette smoking and melanoma was most prominently seen in males. These results are consistent with results reported by previous studies [9, 12, 15, 17] . A recent twin study with intravenous infusions of nicotine and cotinine (the most important metabolite of nicotine) showed that nicotine and cotinine metabolism is higher in women compared to men. In addition, use of an oral contraceptive further accelerates nicotine and cotinine metabolism [38, 39] . The gender difference was also detected in recent studies among smokers, showing that the ratio of the nicotine metabolite trans-3′-hydroxycotinine to cotinine in blood or urine is significantly higher in women, supporting the abovementioned faster metabolism in women compared to men [40, 41] . These changes in metabolism seem to be due to hormonal differences. Also, evidence exists that the activity of a member of the cytochrome p450 proteins (CYP) superfamily of enzymes, the CYP2A6 enzyme, is induced by sex hormones and there is recent in vitro evidence for the induction of human CYP2A6 by estrogen acting on the estrogen receptor [42] . Women are suggested to have more active CYP enzyme activity and therefore metabolize more nicotine which reduces the anti-inflammatory effect of nicotine in relation to melanoma development, which means that the melanoma-protecting ef- fect in women is less pronounced [43] . These gender differences in metabolism could explain the observed strong inverse association between cigarette smoking and melanoma risk in men compared to the lesser effect observed in women.
The main strengths of this population-based study include its large number of subjects and the extensive collection of exposure information with the ability to adjust for the most important confounders. Our questionnaire information represents the best possible approach regarding sun behavior by using different variables as a proxy for intermittent and cumulative sun exposure. A previous study showed that self-reported information on melanoma risk factors is fairly well reproducible and is useful in research settings [44] .
There are also limitations. Information on smoking behavior and confounding factors was retrieved after the diagnosis of melanoma. Therefore, recall bias cannot be excluded. However, we have no reason to believe that patients and controls answer questions regarding smoking habits differently, because the public's awareness of the association between cigarette smoking and melanoma is probably very low. Patients might have answered the questions regarding sun behavior in a different way compared to controls because of their higher awareness of melanoma risk factors. Unfortunately, for this study we were not able to include information concerning the presence of atypical nevi, number of nevi, and genetic predisposition, which are important risk factors for melanoma [45] . Also, the cohort time periods are not concomitant across the two cohorts of patients and controls, which may cause a risk of bias. Societal attitudes towards lifestyle and smoking habits might have changed and could therefore influence response behavior because of social desirability. Furthermore, with a response rate of 42% in the control population, a selection bias might be introduced. The response rate for the questionnaire was slightly higher for older age categories than for younger age categories [29] . However, compared to our patients, there is no great difference in mean age. Among patients who had smoked, there is some missing data regarding the number of years of cigarette smoking and number of cigarettes per day, which could introduce bias. However, lack of this information is not dependent on the extent of smoking. Systematic bias is therefore not to be expected, but the observed effect might be less strong.
In conclusion, we observed that cigarette smoking does not increase the risk of developing a primary melanoma. Male smokers might have a decreased risk of melanoma. In females the results were less pronounced. Giv-en the limitations of this study and possible residual confounding no direct clinical impact can be reduced from these results. Encouraging smoking cessation remains of utmost importance. However, if one of the components of tobacco smoke causes a protective effect on the development of melanoma, this might be of meaning for highrisk patients in the future. To investigate a (causal) biological mechanism underlying the association between smoking cigarettes and melanoma risk and to identify which component(s) of cigarette smoke might be protective, fundamental laboratory studies are necessary.
